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A METHOD FOR THE STUDY OF THE PENETRABILITY OF 
LIQUID AND SEMISOLID FILMS USED IN 
SKIN PROTECTION 
HANS EISNER, Ph.D.1 
·The chemical phenomenon of penetrability of monomolecular and polymolecu-
lar films is equally important for physiological processes as its biological counter-
part, the phenomenon of permeability of organized membranes, especially of 
cell-walls. The two problems become interlocked with each other whenever 
one has to deal with transport and diffusion throughout intercellular spaces, 
filled with serous fluids or cohesive gels such as collagen, or with the permeability 
and resistance of secretions or other fluids, covering the integument of an organ-
ism, a complex of problems of practical interest to the dermatologist. Modern 
concepts of diffusion and permeability are a blend of physical and chemical 
considerations. The wealth of observations on specificity in the transit of chemi-
cal molecules has led to the recognition that membranes are not to be considered 
merely as sieves whose mesh, in its relation to molecular size, regulates transit; 
but it is relations of solubility, surface tension, electrical polarity and ionization, 
molecular shape rather than size, and adsorption phenomena which all contribute 
to the actual course of events. In the recent past, techniques have been de-
veloped which shed much light on the properties of monomolecular layers (I). 
A relatively simple question in this general field concerns a subject of thera-
peutic significance: the permeability of pharmaceutical and cosmetic prepara-
tions, routinely used on the skin for therapeutic and protective purposes. An 
exceedingly useful method for the evaluation of protective ointments has been 
devised by Schwartz, Mason and Albritton (2). They prepare a film of the 
ointment to be tested between two sheets of filter paper; the lower one is impreg-
nated with an indicator, on the upper one a chemical solution is placed at a j;iven 
time. The penetration of the latter across the film will elicit after a certain time 
a change in the indicator in the lower paper. The thickness of the film is defined 
and controlled by a metal ring prepared from a metal sheet of standard thickness 
from which a circular hole has been punched out in the center and which is 
provided with a lateral opening. For the two layers of paper the "Yagoda 
Confined Spot Test Paper" was selected, consisting of square pieces of filter 
paper with a circular area of I cm.2 area in the center, surrounded by a ring of 
paraffin with which the paper is impregnated. 
In the case of ointments and salves of semi-solid or plastic consistency, uni-
formity of thickness of the test layer is obtained by using an excess of material 
which is squeezed out by the application of considerable pressure through the 
lateral slot. Using this method, we have compared the penetrability of vaseline, 
representing a hydrophobic compound with that of some hydrophilic ointments. 
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The following experimental protocols illustrate the clearcut difference between 
these two types of semi-solids. 
When we investigated the possibility of applying the procedure of Schwartz 
et al. to the study of liquids, solutions, emulsions, or suspensions, whose liquid 
state offers no resistance to pressure, it was found almost impossible to obtain 
uniform thickness; in fact, the two confining layers of filter paper, when wetted, 
did not always remain flat, but bulged out, often to such a degree as to displace 
completely the center of the liquid layer and, hence, to touch each other. This 
brings indicator and challenging solution into direct contact with each other 
resulting in spotty penetration. A minor difficulty consisted in the tendency 
of some oil samples to creep out between the metal plates. 
Following a suggestion by Dr. H. Sobotka, we provided support between the 
two paper surfaces by some solid particulate material which could be added to 
the liquid under test. This modification renders the method suitable for the 
study of penetration of liquid films. The choice of the supporting material was 
limited to relatively inert substances of good wettability. This avoids chemical 
reactions with the challenging solutions. Preliminary trials directed our choice 
to washed sea-sand and kaolin. Especially the latter lends itself well to the 
preparation of homogenous pastes with aqueous as well as oily liquids. 
With this adaptation of the method to liquid specimens, we have studied the 
penetrability of films formed by some representative examples of commercially 
promoted skin preparations for babies. We selected a baby oil2 and a baby 
lotion.3 Tests with these fluid preparations were carried out after admixture 
of kaolin, unless otherwise stated in the protocols. Controls were run with 
vaseline and hydrophilic ointments with the admixture of kaolin; the identity of 
the results 'oetwecn these controls and the behavior of these semisolids without 
kaolin proves that kaolin does not alter the actual permeability for the various 
challe1;1ging agents. 
The challenging solutions comprised N/4 hydrochloric acid (0.9 pet.), and 
N} 4 sodium hydroxide (1.0 pet.) as used by Schwartz et al. (2). In addition, 
we studied normal urine to 9 parts of which had been added, respectively, 1 part 
of 9 pet. hydrochloric acid or 10 pet. sodium hydroxide with resulting pH values 
of less than 2 and above 11, limits which certainly comprise the entire range of 
normal and pathological urinary pH. Because of the ammonia content of urine, 
we also operated with an exaggeratedly ammoniacal urine brought to an ammonia 
content of 0.3 pet. NH 3. In one series a 10 pet. aqueous suspension of feces, 
adjusted to various pH values, was tested in order to observe the surface tension 
effect of the bile salts and other emulsifying principles contained in normal feces. 
The indicators used were phenolphthalein with the alkaline challenging solu-
tions and bromocresol green (change from blue to yellow on acidification around 
pH = 4.6) against the acidic challengers. The pH of the liquids to be tested was 
checked prior to the experiment, and also after addition of the kaolin, to insure 
I Manufactured by The Mennen Co. of Newark, N.J. 
• Manufactured by Johnson and Johnson of New Brunswick, N.J. and Chicago, Til. 
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TABLE 1 
Penetrability tests of semisolid and liquid films 
\WITH OR 
FILM WITH- CHALLENGING SOLUTION nom~•-rnv PENETRATION OUT 
KAOLIN 
--
Vaseline, - NaOH 1% pp None* 
U.S.P. 
I 
+ NaOH 1% pp None (90 min.) 
+ HCl 0.9% BCG None (60 min.) 
+ HCl 0.9% TB None 
Hydrophilic - NaOH 1% pp 5 min. complete 
Ointment + NaOH 1% pp 5 min. complete 
No.1 (a) + HCl 0.9% TB 12 min. ! area 
- U ririe; N aOH 1% pp 7 min. complete 
- Urine, HC. 0.9% TB 9 min. complete 
Hydrophilic - NaOH 1% pp Immediate 
Ointment - HCl 0.9% TB 12 min. complete 
No.2 (b) - Urine, NaOH 1% pp 14 min. complete 
- Urine, HCl 0.9% TB 15 min. complete 
Baby Oil - NaOH 1% pp "Pinpoints" 
+ NaOH 1% pp None (80 min.) 
+ HCl 0.9% BCG None (40 min.) 
+ HCl 0.9% TB None 
+ Urine, NaOH 1% PP None 
+ Urine, NH3 0.3% PP None 
+ Urine, HCl 0.9% TB None 
+ Feces, NaOH 1% pp None 
+ Feces, HCl 0.9% TB None 
Baby - NaOH 1% pp Immediate 
Lotion + NaOH 1% pp ! to 1 min. 
- HCl 0.9% BCG Immediate 
+ HCl 0.9% BCG ! min. complete 
+ Urine, NaOH 1% pp Immediate 
+ Urine, NH3 0.3% pp ! min. complete 
+ Urine, HCl 0.9% TB Immediate 
+ Feces, N aOH 1% pp 1 min. complete 
+ Feces, HCl 0.9% TB 1 min. complete 
*Pinpoint spots of penetration in some of the tests. 
PP = Phenolphthalein. 
BCG = Bromo cresol purple. 
TB =Thymol blue (acid range). 
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on dry-
ing 
(a) A hydrophilic base prepared from 2 g Bentonite, 10 g glyceryl monostearate, 25 mi. 
glycerol and 50 mi. distilled water (3). 
(b) A hydrophilic ointment consisting of ethylene glycol monostearate ("Tegin"), 
wax, vaseline, glycerol and water. 
All films tested were 0.21 mm thick unless otherwise stated. 
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that this pH was outside the transition zone of the indicators used. This 
precaution recommends itself particularly in the study of preparations containing 
benzoic acid, hydroquinone or other weak acids as preservatives or desinfectants, 
which might per se alter the color of an indicator sensitive in the weakly acid 
range. This difficulty may be overcome by the use of thymol blue which, in its 
acid range, changes from yellow to pink only when an acidity of pH = 2.0 is 
reached. As anticipated, phenolphthalein, in the case of ammonia, bleaches out 
on evaporation of the ammonia, resuming its colorless form . 
• 
\ . 
FIG. 1. ELECTRON MICROPHOTOGRAPH OF FILM OF BABY OIL, 20.000 X 
The experiments summarized in Table 1 were carried out with films of 0.21 
mm thickness, unless indicated otherwise. In those cases where penetration took 
place, the time given in minutes is usually that period after which the complete 
area of the indicator paper had changed color. In some instances, marked 
"Immediate" in the Table, the color change started within 15 seconds and spread 
with proportional rapidity. On the other hand, when there was no penetration, 
the number of minutes, given in parenthesis, indicate the duration of observation 
until the experiment was terminated; where no such figure is given the experiment 
was terminated after two hours or later without any penetration having been 
observed. 
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DISCUSSION 
The experimental data given illustrate results in sets of three tests each, but 
in many instances the tests were repeated a dozen times or more. The tempera-
ture was 22 to 27°C. and did not influence the results. It may seem from the 
protocols that, in the absence of kaolin, pinpoint-size penetrations were observed 
occasionally due to bulging of the paper and other imperfections, such as small 
airbubbles, in the case of otherwise non-penetrable preparations. Where pene-
• 
FIG. 2. ELECTRON MICROPHOTOGRAPH OF EVAPORATED FILM OF BABY LOTION, 
20.000 X 
tration was not immediate, the time in minutes gives the average for the tests 
in each group. The hydrophilic ointments studied permitted diffusion of the 
alkaline as well as the acidic challenging solutions, but on the whole, because of 
their lower water content, penetration was not as instantaneous as with the 
lotion; the feces suspension likewise slightly retarded penetration. 
Electron microphotographs of the films under study were obtained with an 
RCA electron microscope through the courtesy of Dr. B. Siegel of the Poly-
technical Institute of Brooklyn. The appearance of these films under 7.000 
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fold magnification is in agreement with, and confirms, the impressions obtained 
by the penetration tests. The films were produced on a thin plastic membrane, 
supported by a wire screen, by careful spraying of the preparation with an atom-
izer until a confluent layer was obtained. The film of the baby oil (fig. 1) gives a 
rather blank picture and shows no micellar or lacunar features; it is homogeneous 
in appearance except for occasional blemishes due to isolated dust particles. 
Inspection of the film, after as short as possible an exposure to the electron beam 
for focussing and photographing, proved that it had not evaporated in the high 
vacuum of the microscope. Pictures of the oil-in-water emulsion (fig. 2) show 
numerous jagged particles in the order of magnitude of 0.3 f.l., presumably traces 
of the stabilizing agent and other crystalline ingredients, left after evaporation 
of the aqueous phase. Oil droplets of ca. 1.0 f.l., diameter, observable under the 
optical microscope, had either disappeared under the experimental conditions, 
or had spread out and contribute to the irregular thickness of the residual film. 
SUMMARY AND CONCLUSIONS 
1. A method for evaluating the penetrability of liquid films has been developed 
by modification of the method of Schwartz, Mason and Albritton for the evalua-
tion of protective ointments. 
2. It has been demonstrated by this method that films of an oil (baby oil), 
approximately one-fifth mm in thickness, prevent for a period of two hours or 
more the penetration of aqueous solutions of pH values within and beyond the 
limits of those attained by normal and pathological body secretions. Moreover, 
urine and a suspension of feces, used as carriers for strong acid and alkali, likewise 
failed to penetrate such oil layers; these films also protect against the penetration 
of 0.3% ammonia in urine. 
3. Films of oil-in-water emulsions of one-fifth mm thickness, such as formed 
from commercially available hydrophilic ointments as well as from a baby lotion, 
establish a continuous aqueous phase between their upper and lower boundary 
and, thus, permit immediate and facile penetration of the aqueous electrolyte 
solutions tested. 
4. The use of protective ointments in the prevention of dermatitis has proved 
of value in many industrial processes as was demonstrated during the war. It is 
important to bear in mind that baby oils and lotions are probably the most 
widely and commonly used protective preparations of this nature. Our results 
put the choice of proper protective measures on a more rational basis. 
Addendum.-The technique described above has recently been improved on 
the basis of previous experience; additional safeguards have been introduced so 
that the tests can now be carried out safely with layers as thin as 0.07 mm. A 
repetition of the penetrability tests with such layers of the various materials 
mentioned and with the same challenging solutions, with periods of observation 
extended to at least 3 hours, but often to 8 hours, yielded identical results as 
those reported above. 
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